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The nature of the hidden-order (HO) state in URu2Si2 remains one of the major unsolved issues
in heavy-fermion physics. Recently, torque magnetometry, x-ray diffraction and elastoresistivity
data have suggested that the HO phase transition at THO ≈ 17.5 K is driven by electronic nematic
effects. Here, we search for thermodynamic signatures of this purported structural instability using
anisotropic thermal-expansion, Young’s modulus, elastoresistivity and specific-heat measurements.
In contrast to the published results, we find no evidence of a rotational symmetry-breaking in any
of our data. Interestingly, our elastoresistivity measurements, which are in full agreement with
published results, exhibit a Curie-Weiss divergence, which we however attribute to a volume and
not to a symmetry-breaking effect. Finally, clear evidence for thermal fluctuations is observed in
our heat-capacity data, from which we estimate the HO correlation length.
Despite 35 years of intensive experimental and theoret-
ical efforts [1, 2], the microscopic nature of the hidden-
order state (HO) in URu2Si2 is unknown and remains one
of the major unsolved issues in heavy-fermion physics.
Recently, torque magnetometry, x-ray diffraction and ela-
storesistivity, have reported experimental signatures of
electronic nematicity at the hidden-order phase transi-
tion THO ≈ 17.5 K, which, when confirmed, would nar-
row down the possible order parameters [3–5]. These
reports point to a crystallographic symmetry lowering at
the HO transition from a tetragonal to an orthorhombic
structure, which would favor several theories, e.g. those
involving multipolar orders, which rely on the breaking
of the 4-fold symmetry below THO (see Ref. [6]). How-
ever, another recent x-ray diffraction study found no evi-
dence of a structural transition [7], and improved nuclear-
magnetic resonance (NMR) experiments now suggested
an odd-parity electronic multipolar ordering within a
tetragonal environment [8], although previous NMR data
pointed to a two-fold ordering [9].
In this Letter, in order to resolve the above contro-
versy, we use three different sensitive experimental tech-
niques to search for bulk experimental evidence of the
purported nematic order parameter in well-characterized
URu2Si2 single crystals [10]. First, we utilize anisotropic
high-resolution capacitance dilatometry, which is several
orders of magnitude more sensitive than the x-ray diffrac-
tion measurements reported in Ref. [4], and has recently
been used to study nematicity Fe-based systems [11–13].
Second, a symmetry-breaking transition inevitably leads
to a drastic softening of its associated shear modulus, and
we have thus performed Young’s modulus measurements
using a three-point-bending setup, which has been shown
to be a very sensitive technique for detecting lattice soft-
ening in Fe-based materials [11, 12, 14, 15]. Finally, we
study the elastoresistivity [16] as a third sensitive method
for observing nematicity. Our main result is that we find
absolutely no evidence for a symmetry-breaking transi-
tion in either the thermal expansion or the Young’s mod-
ulus measurements. Our elastoresistivity data interest-
ingly exhibit a Curie-Weiss divergence, similar to the re-
sults of Riggs et al. [5]. However, we find that a very sim-
ilar behavior can be inferred from hydrostatic-pressure
measurements, revealing that a Curie-Weiss-like response
under an enforced symmetry-breaking strain does not
necessarily imply a nematic origin.
Single crystals of URu2Si2 were prepared by the
Czochralski method and annealed at high temperature
under ultra-high vacuum, as described in details in
Refs [17, 18]. The residual resistivity ratio (RRR) is
typically around 100, indicating high-quality crystals.
Thermal-expansion measurements were carried out on
a single crystal (2.0 mm × 1.8 mm × 2.0 mm) us-
ing a home-built high-resolution capacitance dilatome-
ter [19]. Heat-capacity measurements were made on the
same crystal with the Physical Properties Measurement
System (PPMS) from Quantum design using the dual-
slope method [20, 21]. Young’s modulus data were ob-
tained with the same dilatometer set up in a three-point-
bending configuration [14, 15]. A sketch of this setup,
in which the force from the dilatometer springs causes
a deflection of the crystal, is shown in Fig.3. Elastore-
sistivity measurements were made by gluing a crystal on
a glass-fiber-reinforced-plastic substrate as described in
Ref. [22] and in the supplemental section [23]
The HO transition results in a prominent anomaly at
THO = 17.49 K in the heat capacity as illustrated in Fig.
1. Clear signs of order-parameter fluctuations in a range
of ≈ 0.1 K above and below THO (see inset of Fig.1) are
observed, from which we estimate a Ginzburg parame-
ter of Gi = 0.006. To the best of our knowledge, this is
the first time that such fluctuations have been observed,
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FIG. 1. Low-temperature heat capacity of our URu2Si2 single
crystal. The data around THO = 17.5 K are plotted on an
enlarged scale in the inset. The high quality of our single
crystal is attested by the sharpness of the transition, allowing
thermal fluctuations of the HO order parameter to be clearly
observed.
and from Gi and the ’condensation energy’ Hc = 0.47
T (derived from specific heat), we estimate a correla-
tion length of 1 nm using standard Gaussian fluctuation
theory. This short correlation length is an indication of
a very short-range interaction leading to the HO state.
From the rounding of the anomaly, we estimate that the
transition width is as small as 0.015 K, clearly demon-
strating the high homogeneity of our crystals. System-
atic studies on different crystals have shown that the HO
phase is very robust, i.e. not strongly impurity depen-
dent [18].
A large C4-symmetry-breaking strain, as reported by
x-ray diffraction [4] below THO, should be easily de-
tected using our dilatometer by comparing the strains
ε100(T ) =
(
∆L100
L100
)
and ε110(T ) =
(
∆L110
L110
)
measured
respectively along the [100] and [110] directions, as has
been demonstrated for Fe-based materials [24–26]. This
is because our spring-loaded dilatometer exerts a non-
negligible stress along the measurement direction, and
thus, for a measurement along the tetragonal [110] di-
rection, the population of possible structural domains
(twins) with the shorter orthorhombic axis should be
favored by this stress. This would result in an in-situ
detwinning of the sample below THO, if the crystal sym-
metry were lowered. On the other hand, the twin popu-
lation would remain unaffected by the dilatometer force
for measurements along the [100] direction, which probe
a mixture of both orthorhombic axes. We note that for
the present measurements we have used ‘hard’ springs,
which apply a large force of about 300 g (3 MPa) to the
crystal, i.e. about a factor of 5 larger than in our previous
experiments on pnictides [24–26]. As illustrated in Fig.
2(a), we find no measurable difference between the coeffi-
cients of linear thermal expansion α100(T ) =
(
∂εxx
∂T
)
and
α110(T ) =
(
∂εxy
∂T
)
measured along the [100] and [110]
directions, respectively. To quantitatively compare our
data with the x-ray diffraction results [4], we plot in Fig.
2(b) the orthorhombic distortion, i.e. the normalized
difference in length L110−L100L0 . Clearly, our data, which
show no signature of any distortion (see red line), are in-
compatible with the large distortion reported in Ref. [4].
Our resolution limit is about 700 times smaller than the
reported distortion (see inset in Fig. 2(b)[23]. We note
that our results are in excellent agreement with those of
de Visser et al. [27, 28] published more than two decades
ago. Additionally, the diffraction-inferred strain changes
discontinuously at THO, which seems at odds with the
clear second-order nature of the transition, observed in
both specific-heat and thermal-expansion measurements
Figs. 1 and 2(a).
Another powerful method for searching for a nematic
instability is to measure the relevant shear modulus
(c66 elastic constant for URu2Si2), which necessarily has
to approach zero as the transition is approached from
above. As shown previously for BaFe2As2, the appropri-
ate Young’s modulus is in a good approximation propor-
tional to c66 [11, 12, 14, 15]. For URu2Si2 the relevant
Young’s moduli, Y100 and Y110, can be determined us-
ing the three-point-bending technique with the tetrago-
nal [100] and [110] crystal axis perpendicular to the beam
supports, respectively (see inset of Fig. 3). Here the
moduli are expressed in terms of the elastic constants cij
by
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FIG. 2. (a) Thermal-expansion coefficients along [100], [001]
and [110] directions near the hidden-order transition. (b) Or-
thorhombic distortion, i.e. the difference in thermal expansion
along [100] and [110] compared to the x-ray diffraction data
of Tonegawa et al. [4] (open circles). No symmetry-breaking
distortion can be observed in our data (solid red line).
3Y100 = (c11 − c12) (1 + η) ,
and
Y110 =
(
1
c66
+
1
γ
)−1
with η = c12c33−c
2
13
c11c33−c213 and γ =
c11+c12
2 − c
2
13
c33
. Near a struc-
tural transition the shear mode will soften significantly,
with c66 << γ and thus
Y110 ∝ c66
In Fig. 3, we compare Y100 and Y110 of URu2Si2 to
the soft shear mode of BaFe2As2 (Y110). In contrast to
the strong softening observed in BaFe2As2 at the spin-
density-wave transition Ts,N = 140 K, both Young’s mod-
uli of URu2Si2 increase upon cooling, as expected for
phonon hardening, and exhibit absolutely no evidence
for any kind of soft-mode behavior. In Ref[4] it was ar-
gued that the anti-ferro nature of HO makes the elastic
constant C11 - C12, being sensitive to Q = 0, to only
couple weakly to the proposed symmetry breaking. Even
for weak coupling, one would nevertheless expect a dras-
tic softening of the relevant elastic mode, however in a
smaller temperature interval.
We note that the top (bottom) surface of the bar-
shaped sample experiences even larger compressive (ten-
sile) stresses (≈ 15 MPa) in these bending configuration
than in our thermal-expansion measurements [12], and,
because we see no softening even under these extreme
conditions, we conclude that there exists no evidence for a
C4-symmetry reduction in URu2Si2 even under the quite
large uniaxial strains of 3 - 15 MPa. As seen in Fig. 3,
both moduli do soften very slightly below approximately
70 K, as reported earlier for c11−c122 by ultrasound in-
vestigations, which however is not indicative of a soft
mode, but rather indicates a coupling of the lattice to
the quadrupolar moment as argued by Kuwahara et al.
[28]. Additionally there is the small expected softening
at THO resulting from the pressure or strain dependence
of THO (see inset of Fig. 3).
Finally, we examine the elastoresitivity 2m66 =
ρ
x
′
x
′−ρ
y
′
y
′
1
2 (ρx′x′ +ρy′y′ )(x′x′−y′y′ )
(see Fig. 4a and [23] for the def-
inition of the coordinates), which has been argued to be
a measure of the nematic susceptibility in Fe-based su-
perconductors [16]. In Figure 4 we present our result of
2m66 determined using a differential thermal-expansion
method [22]. Here, the crystal was glued to a fiber-glass
substrate, which exhibits significant anisotropic thermal
expansion, so that the crystal experiences an anisotropic
strain upon cooling. The strain transmitted to the crystal
is estimated by measuring the thermal expansion of the
crystal and substrate separately [22, 23]. Using the same
four electrical contacts, the resistivity difference between
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FIG. 3. Young’s moduli of URu2Si2 measured along the [100]
and [110] directions using a three-point bending setup (see
right inset). In contrast to BaFe2As2, we find absolutely no
evidence for any soft-mode in URu2Si2. The left inset shows
a magnified view of the [100] data around THO.
the crystal in free standing and strained configurations
provides the anisotropic strain response.
A sizeable strain dependence of the resistivity is ob-
served, with very similar 2m66 values and temperature
dependence, as determined previously using a piezo stack
by Riggs et al. [5]. In particular, our data above about
30 K can also be fit with a Curie-Weiss temperature de-
pendence, 2m66 = CT−Tθ +2m
0
66, with Tθ = 16 K which is
slightly lower than THO = 17.5 K, suggestive of a sizeable
nematic response. However as argued below, this sug-
gested nematic response in elastoresistivity, which is at
odds with our thermal-expansion and Young’s-modulus
data, is most likely not due to a nematic response.
Previous work on URu2Si2 by McElfresh et al. [29]
clearly demonstrate that the resistivity is also highly sen-
sitive to hydrostatic pressure. One can also define a
dimensionless hydrostatic elastoresistivity coefficient as
mhydro = (
∆ρ
ρ )/(
∆V
V ) , where
∆ρ
ρ is the relative change
of resistivity induced by a relative change of volume ∆VV .
To calculate mhydro, we took the difference in resistivity
between 1 bar and 0.46 GPa from Ref. [29] (see inset of
Fig. 4(b)), and the volume change was computed using
the bulk-modulus value of 190 GPa from Ref. [30]. The
inferred temperature dependence of mhydro (T), plotted
in Fig. 4(b), remarkably resembles that of 2m66(T ). It
can also be fit by a Curie-Weiss divergence over a similar
temperature interval, and it has a similar dip at THO .
We find that the maximum value of mhydro(T ) is roughly
three times larger than that of 2m66. Since there is no
symmetry-breaking strain in a hydrostatic-pressure ex-
periment, these data clearly demonstrate that a Curie-
Weiss-like temperature dependence of an elastoresistiv-
ity component can be obtained in the absence of ne-
maticity, and that a Curie-Weiss like response under a
symmetry-breaking strain (as in Fig. 4(a)) does not nec-
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FIG. 4. (a) Temperature dependence of the elastoresistivity coefficient 2m66 obtained by the anisotropic differential-thermal-
expansion method [15]. (b) Temperature dependence of the hydrostatic elastoresistivity coefficient mhydro calculated using the
difference in resistivity between pressures of 1 bar and 0.46 GPa from McElfresh et al. [21] shown in the inset.
of resistivity induced by a relative change of volume  VV .
To calculate mhydro, we took the difference in resistiv-
ity between 1 bar and 0.46 GPa from Ref.[21] (see inset
of Fig.4(b)), and the volume change was computed us-
ing the bulk-modulus value of 192 GPa from Ref.?. The
inferred temperature dependence of mhydro (T), plotted
in Fig.4(b), remarkably resembles that of 2m66(T ) from
elastoresistivity measurements in many ways. It can also
be fit by a Curie-Weiss divergence over a similar tem-
perature interval, and it has a similar dip at THO . We
find that the maximum value of mhydro(T ) is roughly
three times larger than that of 2m66. Since there is no
symmetry-breaking strain in a hydrostatic-pressure ex-
periment, these data clearly demonstrate that a Curie-
Weiss-like temperature dependence of an elastoresistiv-
ity component can be obtained in the absence of ne-
maticity, and that a Curie-Weiss like response under a
symmetry-breaking strain (as in Fig.4(a)) does not nec-
essarily imply that the system is nematic. The obvious
question now is what is the physics behind the Curie-
Weiss-like temperature dependence? As clearly shown
in Ref. [21], the primary effect of pressure is to move
the maximum in the resistivity, Tmax, to higher temper-
atures. As a consequence, the shift of Tmax, together
with the normalization by ⇢(T ) accidentally leads to a
Curie-Weiss-like behavior of mhydro(T ). The fact that
mhydro(T ) ⇡ 3⇥ 2m66(T ) strongly suggests that 2m66 is
probing a fraction of the hydrostatic part.
In summary, we find no evidence for an electronic ne-
matic transition associated with the hidden-order tran-
sition in URu2Si2 using three different sensitive experi-
mental techniques. We thus conclude that URu2Si2 does
not undergo a crystallographic symmetry reduction at
THO. This finding is not really suprising, since several
decades of intense investigations, prior to the recent pub-
lications, of this material did not find any evidence for
such a transition either (review Mydosh?). The propo-
nents of the nematic transition may argue that our crys-
tals are not clean enough, and that only the cleanest
crystals undergo this transition. A recent paper (choi
et al PRB) found a pressure induced symmetry break-
ing transition near 100 K at roughly the pressure where
magnetic order sets in. The purported symmetry break-
ing at THO found in Ref (matsuda) was included in their
phase diagram and was argued to result from a reduced a-
axis lattice parameter in these crystals(choi). The a-axis
lattice parameters of our typical crystals (a = 4.1327(3)
Angstroms) (ref Tatsuma), on the other hand, is larger
and is thus in the stable HO region of this phase dia-
gram. This is actually advantageous, since we are most
interested in investigating the stable HO phase, and our
results clearly demonstrate that the HO order-parameter
in this region does not induce a lattice symmetry reduc-
tion. Finally, the quantitative difference between 100
and 110 directions in elastoresistivity is intruiging, but
may just result from the natural inequivalence of strain
in 100 and 110 directions, which should be observable
in any tetragonal system. In fact, recent elastoresistiv-
ity measurements on tetragonal Rb122 and Cs122 have
found huge elastoresistive responses with a Curie-Weiss
like temperature dependence indicative of nematicity, al-
though previous high resolution thermal expansion (Fred-
1/(T-Tθ)
Tθ =16 K 1/(T-Tθ)Tθ =15 K
a
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FIG. 4. (a) Temperature depen ence of the (a) uniaxial 2m66 and (b) hydrostati mhyd elas oresis ivity coefficients. The
data in (a) were obtained using a uniaxial strain introduced by a glass-fiber substrate (see inset in (a) and Ref. [22], and mhydro
was calculated using the difference in resistivity between pressures of 1 bar and 0.46 GPa from McElfresh et al. [29] shown in
the inset of (b).
essarily imply that the system is nematic. The obvious
question now is what is the physics behind the Curie-
Weiss-like temperature dependence? As clearly shown
in Ref. [29], the primary effect of pressure is to move
the maximum in the resistivity, Tmax, to higher temper-
atures. As a consequence, the shift of Tmax, together
with the normalization by ρ(T ) accidentally leads to a
Curie-Weiss-like behavior of mhydr (T ). The fact that
mhydro(T ) ≈ 3 × 2 66(T ) strongly suggests that 2m66
is probing a fraction of the hydrostatic part. A detailed
analysis actually has shown that 2m66 and the isotropic
in-plane strain effects are nearly equal [23, 31].
In summary, we find no evidenc for an electronic ne-
matic transition associated with the HO transition in
URu2Si2 using three sensitiv xpe imental techniques.
We thus conclude that URu2Si2 does not undergo a crys-
tallographic symmetry reduction at THO, and that the
HO must be restricted to tetragonal symmetry, as pro-
posed by the recent NMR results [9]. The HO-state is
thus most likely of non-nematic rank-5 multipolar or-
der (dotriacontapolar) order [6, 9]. Our results, which
are consistent with several decades of intense investiga-
tions of this material [2], are thus in contradiction to
the recent studies reporting a symmetry reduction at the
HO transition. The proponents of the nematic transi-
tion may argue that our crystals are not clean enough,
and that only the cleanest crystals undergo this tran-
sition. A recent paper [32] found evidence for a pres-
sure induced symmetry breaking transition near 100 K
at roughly the pressure where magnetic order sets in.
The purported symmetry breaking at THO found in Ref.
[4] was included in their phase diagram and was argued
to result from a reduced a-axis lattice parameter in these
crystals [32]. The a-axis lattice parameters of our typi-
cal crystals (a = 4.1327(3) Angstroms)[18], on the other
hand, is larger and is thus in the stable HO region of
this phase diagram. This is advantageous, since we are
most interested in investigating the stable HO phase,
a d our results clearly demonstrate that the HO phase
transition in this stable region does not induce a lat-
tice symmetry reduction. Finally, the quantitative differ-
ence between [100] and [110] directions in elastoresistivity
is intriguing, but may just result from the natural in-
equivalence of strain in [100] and [110] directions, which
should be observable in any tetragonal system. Recent
elastoresistivity measurements on tetragonal RbFe2As2
and CsFe2As2 have found huge elastoresistive responses
with a Curie-Weiss-like temperature dependence indica-
tive of nematicity [33], although previous high-resolution
therm l-expansion [34, 35] and shear-modulus measure-
ments [35] find little evidence of a nematic transition or
em tic fluctuations in these materials. Both RbFe2As2
and CsFe2As2, however, have large electronic Gru¨neiesen
param ters at low-temperature [34–36], and thus a highly
strain sensitive electronic structure. More work using
both thermodynamic, as well as elastoresistive measure-
ments, on well-characterized crystals are needed to study
this apparent discrepancy, in particular in cuprates,
where the elastoresistive response is quite weak [37].
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